We sought to determine whether the changes in incentive design in phase 2 of Medicare's flagship pay-for-performance program, the Premier Hospital Quality Incentive Demonstration (HQID), reduced surgical mortality or complication rates at participating hospitals. Background: The Premier HQID was initiated in 2003 to reward highperforming hospitals. The program redesigned its incentive structure in 2006 to also reward hospitals that achieved significant improvement. The impact of the change in incentive structure on outcomes in surgical populations is unknown. Methods: We examined discharge data for patients who underwent coronary artery bypass (CABG), hip replacement, and knee replacement at Premier hospitals and non-Premier hospitals in Hospital Compare from 2003 to 2009 in 12 states (n = 861,411). We assessed the impact of incentive structural changes in 2006 on serious complications and 30-day mortality. In these analyses, we adjusted for patient characteristics using multiple logistic regression models. To account for improvement in outcomes over time, we used difference-indifference techniques that compare trends in Premier versus non-Premier hospitals. We repeated our analyses after stratifying hospitals into quintiles according to risk-adjusted mortality and serious complication rates. Results: After restructuring incentives in 2006 in Premier hospitals, there were lower risk-adjusted mortality and complication rates for both cardiac and orthopedic patients. However, after accounting for temporal trends in non-Premier hospitals, there were no significant improvements in mortality for CABG [odds ratio (OR) = 1.09; 95% confidence interval (CI), 0.92-1.28] or joint replacement (OR = 0.81; 95% CI, 0.58-1.12). Similarly, there were no significant improvements in serious complications for CABG (OR = 1.05; 95% CI, 0.97-1.14) or joint replacement (OR = 1.12; 95% CI, 1.01-1.23). Analysis of the "worst" quintile hospitals that were targeted in the incentive structural changes also did not reveal a change in mortality [(OR = 1.01; 95% CI, 0.78-1.32) for CABG and (OR = 0.96; 95% CI, 0.22-4.26) for joint replacement] or serious complication rates [(OR = 1.08; 95% CI, 0.88-1.34) for CABG and (OR = 0.92; 95% CI, 0.67-1.28) for joint replacement]. Conclusions: Despite recent enhancements to incentive structures, the Premier HQID did not improve surgical outcomes at participating hospitals.
P ay-for-performance (P4P) has been embraced by policy makers as a strategy for improving quality in health care. Over the next few years, the Affordable Care Act will dramatically increase the scale of existing P4P through the Medicare Value-Based Purchasing (VBP) program. 1 Evidence on the effectiveness of P4P for inpatient surgery comes from Medicare's flagship inpatient P4P program, the Premier Hospital Quality Incentive Demonstration (HQID). Evaluations of this first phase of the program showed limited improvement in processes of care and no significant improvements in patient outcomes, including surgery. [2] [3] [4] Because the program initially only rewarded hospitals in the top-2 deciles of performance, there was little to motivate poorly performing hospitals to improve. The incentive structure of this program was redesigned in the fourth quarter of 2006. In phase 2, hospitals could qualify for financial incentives by ranking in the top 20% of hospitals for performance or ranking in the top 20% of hospitals for improvement and performing above the median level of hospitals. 5 Whether these changes in incentive structure of P4P will improve outcomes in surgical populations is not known. Prior evaluations of the Premier HQID have been conducted for inpatient medical care and found no improvement in mortality rates. 6, 7 However, evaluations of surgical populations are limited. Existing studies evaluate the impact of P4P on mortality for coronary artery bypass surgery (CABS) but exclude hip and knee replacement. 6 Moreover, previous studies have focused solely on mortality and have not considered the impact on overall or serious complications. Finally, previous evaluation focuses on the entire period since the program started in 2003 and does not specifically test the change in incentive structure in 2006. 2, 6 This study seeks to examine the effect of the incentive structural changes of phase 2 of the Premier HQID on perioperative mortality and complication rates. Ideally, a delivery system innovation could be tested with randomized trials. However, this is not feasible for large-scale policy interventions. Therefore, we used a natural experiment evaluating the impact of the change in incentives in Premier hospitals compared with a control group of nonparticipating hospitals. This allowed us to adjust for secular trends and differences in baseline hospital performance. Using the State Inpatient Database (SID) for 12 states, we examined the incentivized procedures in the Premier HQID: CABG surgery, hip replacement, and knee replacement from 2003 to 2009. New Jersey, New York, Washington, and Wisconsin) from 2003 to 2009. This data set is maintained and distributed as part of the Healthcare Cost and Utilization Project of the Agency for Healthcare Research and Quality and contains all inpatient discharges from shortterm, acute-care, nonfederal, general, and other specialty hospitals in participating states. 8 We chose these 12 states because they (1) were geographically dispersed across the United States (allowing for diversity in our sample), (2) were available for the period we were studying, and (3) had relatively large sample sizes. The discharge records from these databases contain information collected as part of billing records, including patient demographics, International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), procedures, diagnoses, expected payer, admission and discharge dates, and disposition. Data on hospital characteristics were obtained from the American Hospital Association Annual Survey.
Using appropriate ICD-9-CM procedure codes, we identified all adult patients undergoing CABG (36. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , hip replacement (81.51-52), and total knee replacement (81.54) in these 12 states. We excluded patients undergoing CABG with procedure codes indicating that other operations were simultaneously performed (ie, valve replacement) (35.00-99, 36.2, 37.32, 37.34, 37.35). Patients undergoing joint replacement were excluded for revision procedures or trauma diagnoses (ICD-9-CM procedure codes 00.70-73, 00.80-85, 81.53, 81.55 and ICD-9-CM diagnosis codes 800-959).
Study Overview
In 2003, the Centers for Medicare & Medicaid Services (CMS) created the largest experiment in P4P to date: the Premier HQID. 5 A total of 216 hospitals agreed to provide data on process and quality indicators for 3 medical conditions (acute myocardial infarction, congestive heart failure, and pneumonia) and 2 surgical procedures (CABG and total knee or hip replacement), with additional indicators for risk-adjusted mortality for acute myocardial infarction and CABG and 30-day readmissions for total knee or hip replacement. Recruitment of all participating hospitals was completed in March 2003. Hospitals were required to participate in each of the 5 clinical areas only if they provided care for that condition. The project also required a minimum patient volume of 30 cases to be included. In phase 1 of the Premier HQID (2003) (2004) (2005) (2006) , the top 20% of hospitals received 1% to 2% bonuses in Medicare reimbursements. The incentive structure was criticized for rewarding only high-performing hospitals, with little incentive for poor-performing hospitals to improve. 9 Therefore, the Premier HQID restructured its incentive structure in 2006. In phase 2 (2006-2009), financial bonuses were additionally given to hospitals that significantly improved on their performance. Hospitals could now qualify for bonuses in 3 ways: (1) performing in the top 20% of hospitals ("Top Performance Award"); (2) performing above the median level of performance in the current year and ranking in the top 20% in terms of improvement ("Improvement Award"); and (3) performing above the median level of performance for a composite quality score benchmark from 2 years prior ("Attainment Award"). Over the 6 years of the demonstration, the CMS awarded more than $60 million in financial bonuses, with almost $12 million in incentive payments in the final year. 5 The goal of this analysis was to examine the impact of the HQID incentive structure changes on adverse events after fully taking into account temporal trends toward improved outcomes in cardiac and orthopedic surgery. We used an econometric technique, the difference-in-difference approach, which is commonly used to evaluate the impact of policy change. [10] [11] [12] This approach isolates the impact of the policy change on outcomes above and beyond any changes seen in a control group that were not exposed to the policy change. In our analysis, we chose non-Premier hospitals in the SID as the control group because they are exposed to all other factors driving improved outcomes over time except participation in the Premier HQID.
Quality Measures
Our outcomes of interest were risk-adjusted inpatient mortality, inpatient complication, and serious inpatient complications. We used specific ICD-9-CM codes to identify inpatient complications as previously validated by medical record review in The Complications Screening Program. The following postoperative complications were identified in our study: pulmonary failure (518.81, 518.4, 518. 5 , and myocardial infarction (410.00-91) for patients undergoing only joint replacement. The coding of surgical and medical complications, including those identified in our study, has been shown by others to be in good agreement when ICD-9-CM codes, and the medical record were compared. 13, 14 Myocardial infarction was not considered a complication after CABG because of the inability to assess the temporal relationship of an acute myocardial infarction to the operation. Serious complications were noted as any of the aforementioned complications with a length of stay above the 75th percentile. This addition of the extended length of stay criterion was intended to increase the specificity of the outcome variable.
Statistical Analysis
All participating Premier HQID hospitals through the 6 years of the demonstration in the aforementioned 12 states were identified from the Premier Web site and included in the analysis. 5 To perform the difference-in-difference analysis, we used the following logistic regression model to evaluate the relationship between patient outcomes Y it (inpatient mortality, complications, and serious complications) and the HQID incentive structure changes:
We included categorical variables indicating whether the patient was treated at a Premier hospital (Premier) and whether this treatment was before or after (ie, pre-post) the incentive expansion (Post). Because the SID does not have dates of surgery, we used admission quarter to define whether patients had surgery in phase 1 (January 2003 to September 2006) or phase 2 (October 2006 to December 2009) of the program. To adjust for secular trends, we included a continuous time variable that effectively takes into account linear time trends. In all models, we adjusted for patient characteristics (θX it ) by entering the 29 Elixhauser comborbid diseases as individual covariates, a widely used and previously validated approach for risk adjustment in administrative data. 15, 16 Finally, we added an interaction term of the Premier (vs non-Premier) variable and the pre-post incentive change variable (Premier * Post). The coefficient from this interaction term, that is, the difference-in-difference estimator, can be interpreted as the impact of the independent impact of the Premier HQID incentive changes. 2, 11, 17 We performed a sensitivity analysis examining the impact of the incentive change on the bottom 20% of hospitals. The incentive redesign in 2006 was aimed at motivating poor-performing hospitals to improve their performance. Hospitals in the bottom 20% of performance had the most room to improve and were the perceived targets of the expanded "Improvement Award." To establish which hospitals were in the bottom 20%, we used logistic regression to predict the probability of inpatient mortality, any complication, and serious complication for each patient incorporating patient and hospital characteristics for both CABG and joint replacement. We aggregated these data at the hospital level to calculate 6 distinct ratios of observed to expected outcome rates (inpatient mortality, complications, and serious complications for both procedures). The bottom 20% of hospitals for each adverse outcome of interest was isolated, and similar analysis was performed as done previously. All statistical analyses were performed using STATA 11.0 (College Station, Texas).
RESULTS
Characteristics of Premier and non-Premier patients before and after the incentive structure changes are shown in Table 1 . Patient characteristics were similar at Premier and non-Premier hospitals. With respect to the HQID incentive changes, patients treated after the policy changes had slightly more comorbidities, but these differences were similar for both Premier and non-Premier hospitals ( Table 1 ). Characteristics of Premier and non-Premier hospitals are shown in Table 2 . In the 12 states examined, there were 44 participating Premier hospitals and 321 nonparticipating hospitals for CABG. For hip and knee replacement, there were 93 participating Premier hospitals and 1046 nonparticipating hospitals. Hospitals participating in the Premier HQID were larger hospitals with more licensed beds and employees. These hospitals also were busier with more total annual admissions and surgical operations. Participating hospitals were more likely to be trauma centers, and for CABG, participating hospitals were more likely to be teaching hospitals.
In simple pre-post analysis after adjusting for patient characteristics, there were apparent declines in rates of inpatient mortality for both procedures and complications for joint replacement after the HQID incentive structure changes ( Table 3 ). The odds ratio (OR) of risk-adjusted mortality for patient characteristics after the incentive structural changes was 0.70 for CABG [95% confidence interval (CI), 0.66-0.75] and 0.78 for joint replacement (95% CI, 0.61-1.00) ( Table 3 ). However, after taking into account secular trends in other hospitals, there were no measurable improvements in outcomes after (vs before) incentive changes for either procedure. There were no significant improvements in mortality for CABG (OR = 1.09; 95% CI, 0.90-1.32) or joint replacement (OR = 0.85; 95% CI, 0.54-1.32).
Similarly, there were no improvements in any complication or serious complication rates.
Stratified sensitivity analysis focusing on the lowest performing (bottom 20%) hospitals demonstrated analogous results (Table 3) . Simple pre-post analysis demonstrated improved mortality for CABG (OR = 0.78; 95% CI, 0.69-0.87) and joint replacement (OR = 0.77; 95% CI, 0.68-0.88). After adjusting for trends in nonparticipating hospitals, there were no significant improvements for mortality in CABG (OR = 1.22; 95% CI, 0.88-1.70) and joint replacement (OR = 0.85; 95% CI, 0.59-1.21). Again, there were no improvements in any complication or serious complications in the bottom 20% of hospitals. 06-1 .60) * The independent effect of the P4P incentive changes is derived from a difference-in-difference model that represents improvement in outcomes before and after the policy change in Premier hospitals compared with non-Premier hospitals, the control group not exposed to the P4P incentive changes. These logistic regression models also control for patients characteristics and any differences in preimplementation trends in outcomes between Premier and non-Premier hospitals.
DISCUSSION
In this study, we evaluated phase 2 of Medicare's flagship P4P pilot program, the Premier HQID. In simple pre-post analysis, we found improvements in outcomes over the 6 years of the Premier HQID. However, after adequate adjustment with a control group of nonparticipating hospitals, there was no improvement due to the HQID incentive structure changes. The expansion of financial bonuses to hospitals that demonstrated improvement rather than just excellence did not spur a decline in adverse outcomes. Moreover, we found no improvement among the poorest performing hospitals, the intended beneficiaries of the policy.
These conclusions should be considered in the context of prior studies. Previous reports demonstrated improved compliance with process measures in P4P hospitals. 3, 4 Werner and colleagues 18 demonstrated these improvements in process measures waned after 5 years. Expanding beyond adherence to process measures, Ryan 2 demonstrated that participation in the Premier HQID did not effect 30-day mortality rates for the targeted 3 medical conditions (acute myocardial infarction, congestive heart failure, and pneumonia) or CABG. Jha and colleagues 6 explored the long-term impact of the Premier HQID on mortality for the same conditions. This study did not find any evidence that the program led to a decrease in mortality for CABG. We have expanded on these previous studies by investigating orthopedic and cardiac procedures with no independent effect of the policy change on mortality. We have also extended beyond mortality to investigate other nonfatal complications. Finally, we also specifically evaluated the change in incentive structure rather than the entirety of the pilot program since its inception.
Without careful consideration of study design, it is possible to generate misleading results when evaluating health care policy changes. Most studies in the surgical literature that evaluate implementation of such changes simply compare outcomes before (pre) with after (post) the onset of the policy change. 19 However, this completely ignores the fact that surgical outcomes may be improving over time for other reasons, such as enhanced efforts to improve surgical safety, new technologies, and better training.
In our study, such a naive pre-post study would have found a positive effect on outcomes over time that could erroneously be attributed as a benefit of the Premier HQID policy change. However, when using appropriate techniques, adjusting for trends in nonparticipating hospitals toward improved outcomes overall, there is no independent effect toward improved outcomes due to this policy change. This highlights the importance of considering background trends toward improvement using econometric methods when evaluating health care policy changes. The natural experiment approach used in our study, where we compared an intervention group with a control group, allowed us to subtract out these background changes and generate an accurate estimate of the independent effect of the policy change.
There are limitations to our study. We used administrative data, which has well-known limitations in risk adjustment. 20 Comorbidities and complications are derived from discharge codes and are not as reliable as those derived directly from the medical record. As surgical outcomes become more prominent, it is conceivable that billing practices change to "overcode" comorbidities and "undercode" complications. As illustrated by Table 1 , patients at later time points have increased comorbidities in both surgical populations. However, our study is designed to address these changes in patient risk profiles. Because we incorporate a control group of non-Premier hospitals that also experienced an increase in the risk profile of patients, we effectively adjust for these differences in patient characteristics across hospitals. 12 In addition, complications ascertained from administrative data are not as accurate as those determined from the medical record. To address this problem, we limited our complications to a previously validated subset of codes demonstrated to have the highest sensitivity and specificity. 13, 14 In addition, we have added a prolonged length of stay (greater than the 75th percentile) to our definition of serious complications. Length of stay is very accurate in administrative data, and prolonged hospitalization is a reliable marker of postoperative complications. Furthermore, although one might expect billing practices change to "undercode" complications, crude and risk-adjusted complication rates have actually increased over the course of the Premier HQID for patients undergoing CABG and remained unchanged for patients undergoing joint replacement.
Our study has important implications pertaining to the new VBP program being implemented by the CMS through mandates put forth by the Affordable Care Act. 21 The VBP program was modeled largely after the Premier HQID evaluated in this study. Financial incentives are awarded via attainment of or improvement toward a high level of quality. Under this incentive structure, our analyses suggest that this may not result in substantial improvements in mortality or complication rates in the surgical population. The answer may be in larger incentives. Werner and Dudley 22 demonstrated that under the current structure of the VBP program modeled after the Premier HQID, the size of incentive redistribution would constitute only a fraction of 1% of hospital costs. Incentives of this size may not be a large enough motivation to change hospital behaviors.
However, the evidence that larger incentive bonuses can effect meaningful change is mixed. An analysis of a P4P program implemented by Medicaid in Massachusetts with incentives approximately 5 times the size of incentives in the Premier HQID also showed no improvements in quality. 23 Conversely, a recent analysis of the P4P program Advancing Quality in England modeled off of the Premier HQID but with much larger bonuses demonstrated significant improvements in mortality for 3 medical conditions (pneumonia, heart failure, and acute myocardial infarction). 24 Although both of these studies had significantly larger bonuses, one showed improvements in outcomes whereas the other did not. Further research is required to better understand how financial incentives influence the behavior of hospitals.
CONCLUSIONS
Our study conclusively demonstrates that incentivizing poor performers had no salutary effects on overall performance, even among poor-performing hospitals. Despite financial enhancements targeted at poor performers, participating hospitals were insensitive to changes in financial incentives. P4P under CMS' VBP program may only have limited effectiveness in surgery unless significantly redesigned.
